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(54) l\/linimizing dispersion in optical-fiber transmission lines 



(57) For minimizing the total dispersion in an optical 
fiber transmission line 32, the intensity of a specific fre- 
quency component of an optical signal transmitted 
through the transmission line is detected. The optical 
signal has an Intensity v. total dispersion characteristic 



curve with a corresponding eye opening the total dis- 
persion is controlled, for instance by applying a signal 
to a dispersion compensator 34 or by varying the wave- 
length of the source, in such a way as to minimize the 
intensity of the specific frequency component in the eye 
opening, thereby minimizing the total dispersion. 



FIG. 13 



Bb/s ^3 0 



OPTICAL 
TRANSMITTER 




32 



^34 



VARIABLE 

DISPERSION 

COMPENSATOR 



COf^PENSATION AMOUNT 
CONTROL SIGNAL 



46 



CM 
< 

CO 
00 

o> 

00 

o 

Q. 
LLi 



COMPENSATION 

AMOUNT 

CONTROL LER 

t : 



INTENSITY 
DETECTOR 



.44 



Printed by Jouve. 75001 PARIS (FR) 



.38 



r40 



PHOTO- 
DETECTOR 



BHz BPF 



-42 



.36 



OPTICAL 
RECEIVER 



BNSDOCID: <EP_0898391A2J_> 




EP 0 898 391 A2 



Description 

[0001] This application is based on, and claims priority from, Japanese Application No. 9-224056. filed August 20. 
1997, in Japan, and incorporated herein by reference. 

5 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a method and apparatus for reducing the amount of dispersion in an optical 
fiber transmission line. More specifically, the present invention relates to a method and apparatus for reducing the 

10 amount of dispersion in the transmission line by controlling the total dispersion to substantially minimize the intensity 
of a specific frequency component of an optical signal travelling through the transmission line. 
[0003] Optical transmission systems using fiber optical transmission lines are being used to transmit relatively large 
amounts of information. For example, optical transmission systems at 10 Gb/s are now in practical implementation in 
trunk-line optical communications. However, as users require larger amounts of information to be rapidly transmitted, 

IS a further increase in the capacity of optical transmission systems is required. 

[0004] Time-division multiplexing (TDM) (Including optical time-division multiplexing (OTDM)) and wavelength-divi- 
sion multiplexing (WDM) are being considered as candidates for such high capacity optical transmission systems. For 
example, with regard to TDM techniques, a significant amount of worldwide research is being performed on 40-Gb/s 
systems. 

20 [0005] Chromatic dispersion (group-veloclly dispersion (GVD)) is one of the factors limiting the transmission distance 
in a 40-Gb/s system. Since dispersion tolerance is inversely proportional to the square of the bit rate, the dispersion 
tolerance, which is about 800 ps/nm at 10 Gb/s. is reduced by a factor of 16 to about 50 ps/nm at 40 Gb/s. 
[0006] For example, in measured experiments, an optical time-division multiplexed (OTDM) signal with a signal light 
wavelength of 1 .55 jim (where transmission loss in silica fiber is the lowest) was transmitted over a distance of 50 km 

2S through a single-mode fiber (SMF). The SMF had a zero dispersion wavelength of 1 .3^m. This type of SMF is the type 
of fiber most widely installed around the world. The input signal light power was +3 dBm, and the bit rate was 40 Gb/ 
s. Dispersion compensation was performed using a dispersion-compensating fiber (DCF). The width of the dispersion 
compensation value range allowed in order to hold the power penalty (degradation of optical signal reception sensitivity 
through transmission) to within 1 dB (dispersion compensation tolerance) was 30 ps/nm. Since the dispersion com- 

30 pensation value required at this time is 930 ps/nm (18.6 ps/nm/km X 50 km), it can be seen that dispersion compen- 
sation must be carried out with an accuracy of 930±15 ps/nm, which is very close to 100% accurate compensation. 
[0007] On the other hand, dispersion in a transmission line changes with time due to changes, for example, in tem- 
perature. For example, in the case of an SMF 50-km transmission, when the temperature changes between -50 to 
100**C, the amount of change of the transmission line dispersion is estimated to be as follows: 

35 

(Temperature dependence of zero dispersion wavelength of 

transmission line) x (Temperature change) x (Dispersion slope) x 

40 2 

(Transmission distance) = 0.03 nm/'*C x 150^*0 x 0.07 ps/nm /km x 50 km = 16 ps/nm. 

[0008] This value can be substantial when compared with the above-described dispersion compensation tolerance. 
Accordingly, in large-capacity transmission at 40 Gb/s and higher, transmission line dispersion must be monitored at 
all times to hold the total dispersion to zero. This also applies for a dispersion-shifted fiber (DBF) which has low chro- 
matic dispersion in the 1 .55 \irr\ band. 

[0009] In the development of an automatic dispersion equalization system (a system for automatically controlling 
total dispersion to zero by feedback), the following points present problems: 

(i) Realization of a variable dispersion compensator 

(ii) Method for detecting transmission line dispersion (or the amount of total dispersion after dispersion compen- 
sation). 

(iii) Method for feedback control of a dispersion compensation amount. 

[0010] Regarding point (i), above, a simple approach would be to use DGFs with different dispersion compensation 
amounts and change the amount of dispersion compensation in a discontinuous manner by switching between the 
DCFs using an optical switch. Methods have been proposed for continuously varying the dispersion compensation 
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amount by applying a stress (for exannple, see M. M. Ohm et al.. "Tunable grating dispersion using a piezoelectric 
stack." OFC '97 Technical Digest, WJ3. pp. 155-156). In addition, methods have been proposed for providing a tem- 
perature gradient to a fiber grating (for example, see Sergio Barcelos et al.. "Characteristics of chirped fiber gratings 
for dispersion compensation," OFC '96 Technical Digest, WK12. pp. 161 -162). Moreover, methods have been proposed 

5 for providing a phase change due to a temperature change to a planar lightwave circuit (PLC) (for example, see K. 
Takiguchi, etal., "Variable Group-Delay Dispersion Equalizer Using Lattice-Form Programmable Optical Filter on Planar 
Lightwave Circuit," IEEE J. Selected Topics in Quantum Electronics, 2, 1996, pp. 270-276). Another possible method 
would be to vary the transmission line dispersion by using a variable wavelength light source, rather than using a 
variable dispersion compensator In that case, the center frequency of an optical filter must be varied simultaneously 

10 in an interlocking fashion. 

[0011] Regarding point (ii), above, traditionally a pulse method or a phase method has been used that involves 
providing a plurality of light beams of different wavelengths and measuring group-delay differences or phase differences 
between the output beams. However, using these methods during system operation requires that the system operation 
be interrupted during the measurement of the dispersion amount or that measuring light of a different wavelength from 

IS the signal wavelength be wavelength -division multiplexed with the signal light. In the latter case, the problem is that 
there arises a need to estimate the amount of dispersion at the signal light from the amount of dispersion measured 
with the measuring light, because the transmission line dispersion varies with wavelength. In A. Sano et al. , "Automatic 
dispersion equalization by monitoring extracted-clock power level in a 40-Gbit/s, 200-km Transmission line." ECOC 
'96, TuD. 3.5, 1 996, pp. 207-21 0, there is disclosed a method in which the powerof a clock component (B-Hz component 

20 when data signal bit rate is B b/s) is detected from a received optical signal, and the amount of dispersion compensation 
is controlled so as to maximize the power. This technique can be applied for the case of a return-to-zero (RZ) signal 
which contains a clock component, but cannot be applied for the case where the intensity of the clock component is 
not the greatest at zero dispersion, as in a non-return-to-zero (NRZ) signal or in an OTDM signal where a plurality of 
RZ signals are time-division multiplexed with their tails overlapping each other 

2S [0012] Regarding point (iii), above, a possible approach would be to sweep the amount of total dispersion over a 
wide range using a variable dispersion compensator or a variable wavelength tight source while interrupting system 
operation, until detecting a point where the total dispersion amount becomes zero. Then, the amount of dispersion 
compensation can be set to that point. However, a method that can perform control at all times without interrupting 
system operation is preferable. 

30 

SUMMARY OF THE INVENTION 

[001 3] Accordingly, it is an object of the present invention to provide a method and apparatus for controlling dispersion 
in an optical fiber transmission line. The intensity of a specific frequency component of an optical signal transmitted 

3S through the transmission line is detected. The optical signal has an intensity v. total dispersion characteristic curve 
with a corresponding eye opening. The amount of total dispersion of the transmission line is controlled to substantially 
minimize the intensity of the specific frequency component in the eye opening. Since the eye opening is difficult to 
measure, the intensity v total dispersion characteristic curve can be described as having at least two peaks. In this 
case, the amount of total dispersion of the transmission line can then be controlled to substantially minimize the intensity 

40 of the specific frequency component between the two highest peaks of the intensity v. total dispersion characteristic 
curve. 

[0014] Embodiments of the present invention provide an apparatus and method for directly controlling the intensity 
of the specific frequency component to substantially minimize the intensity of the specific frequency component in the 
eye opening, or between the two highest peaks of the intensity v. total dispersion characteristic curve of the optical 
45 signal. In this case, the intensity is directly controlled, instead of controlling the intensity by controlling the amount of 
total dispersion. 

[0015] Further embodiments of the present invention provide an apparatus and method for controlling the total dis- 
persion of the transmission line to maintain the intensity of the specific frequency component along a point on the 
intensity v. total dispersion characteristic curve which is within the eye opening. 

so [0016] Still further embodiments of the present invention provide an apparatus and method where a time-division 
multiplexed optical signal, modulated by an n-m- bit/second data signal obtained by time-division multiplexing n optical 
signals each amplitude-modulated by an m-bit/second data signal, is transmitted through an optical fiber transmission 
line. The time-division multiplexed optical signal has an intensity v. total dispersion characteristic curve with at least 
two peaks. Then, either (a) an n m-hertz frequency component is detected from the time-division multiplexed optical 

55 signal after being transmitted through the optical fiber transmission line, and the amount of total dispersion of the optical 
fiber transmission line is controlled to substantially minimize the intensity of the detected n-m-hertz frequency compo- 
nent between the two highest peaks of the intensity v. total dispersion characteristic cun/e of the time-division multi- 
plexed optical signal, or (b) an m-hertz frequency component is detected from the time-division multiplexed optical 
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signal after being transmitted through the optical fiber transnnission line, and then the amount of total dispersion of the 
optical fiber transmission line is controlled to maximize the intensity of the detected m-hertz frequency component. 
[0017] Additional embodiments of the present invention provide an apparatus and method where a time-division 
multiplexed optical signal, modulated by an n m-brt/second data signal obtained by time-division multiplexing n optical 

5 signals each amplitude-modulated by an m-bit/second data signal, is transmitted through an optical fiber transmission 
line. The time-division multiplexed optical signal has an intensity v. total dispersion characteristic curve with at least 
two peaks. Then, either (a) an n m-hertz frequency component is detected from the time-division multiplexed optical 
signal after being transmitted through the optical fiber transmission line, and the intensity of the detected nm-hertz 
frequency component is controlled to substantially minimize the intensity between the two highest peaks of the Intensity- 

10 V. total dispersion characteristic curve of the time-division multiplexed optical signal, or (b) an m-hertz frequency com- 
ponent is detected from the time-division multiplexed optical signal after being transmitted through the optical fiber 
transmission line, and the Intensity of the detected m-hertz frequency component is controlled to nrtaximize the Intensity. 
[0018] The present Invention Is also Intended to provide an apparatus and method for determining the total amount 
of dispersion In a transmission line. More specifically the intensity of a specific frequency component of an optical 

IS signal transmitted through a transmission line is detected. Then^ the amount of total dispersion of the transmission line 
Is determined from the intensity of the detected specific frequency component. 

[001 9] For a better understanding of the invention embodiments of it will now be described, by way of example, with 
reference to the accompanying drawings, In which: 

20 Fl G.I is a graph illuslraling computer simulation results of the dependence of a 40-GHz clock component intensity 

on the amount of total dispersion for a 40-Gb/s OTDM signal, according to an embodiment of the present invention. 
FIG. 2 is a graph illustrating computer simulation results of the dependence of a 40-GHz.clock component intensity 
on the amount of total dispersion for a 40-Gb/s NRZ signal, according to an embodiment of the present invention. 
FIG. 3 is a graph Illustrating computer simulation results of the dependence of a 40-GHz clock component Intensity 

25 on the amount of total dispersion for a 40-Gb/s R2 signal (50% duty), according to an embodiment of the present 

invention. 

FIG. 4 is a graph Illustrating computer simulation results of the dependence of a 40-GHz clock component intensity 
on the amount of total dispersion for a 40-Gb/s RZ signal (25% duty), according to an embodiment of the present 
invention. 

30 FIG. 5 is a diagram illustrating an optical modulator that generates a 40-Gb/s OTDM signal, according to an em- 

bodiment of the present invention. 

FIGS. 6(A), 6(B), 6(0), 6(D) and 6(E) are waveform diagrams Indicating the operation of the optical modulator of 
FIG. 5, according to an embodiment of the present invention. 

FIG. 7 is a baseband spectrum of an OTDM signal, according to an embodiment of the present invention. 
35 FIG. 8 is a baseband spectrum of an NRZ signal, according to an embodiment of the present invention. 

FIGS, 9(A), 9(B) and 9(C) are waveform diagrams of an OTDM signal after being subjected to chromatic dispersion, 
according to an embodiment of the present invention. 

FIGS. 10(A), 10(8) and 10(C)are waveform diagrams of an NRZ signal after being subjected to chromatic disper- 
sion, according to an embodiment of the present invention. 
40 FIG. 11 is a diagram for explaining a case where the dispersion compensation amount is at a minimum in a method 

that changes the amount of total dispersion within a very small range at a tow frequency fQ, according to an em- 
bodiment of the present invention. 

FIG. 1 2 is a diagram for explaining the case where the dispersion compensation amount deviates from a minimum 
in a method that changes the amount of total dispersion within a very small range at a low frequency to, according 
45 to an embodiment of the present invention. 

FIG. 1 3 Is a diagram illustrating an automatic dispersion equalization system, according to an embodiment of the 
present Invention. 

FIG. 1 4 is a diagram illustrating a specific example of an optical transmitter of the automatic dispersion equalization 
system of FIG. 13, according to an embodiment of the present invention. 
so FIG. 1 5 is a diagram illustrating a specific example of an optical receiver of the automatic dispersion equalization 

system of FIG. 13, according to an embodiment of the present invention. 

FIG. 16 Is a diagram of an optical transmitter, according to an embodiment of the present invention. 

FIG. 1 7 is a diagram illustrating a polarization-independent demultiplexer (DEMUX), according to an embodiment 

of the present invention. 

ss FIG. 1 8 is a diagram of a portion of an optical receiver, according to an embodiment of the present invention. 

FIG. 19 Is a diagram illustrating a variable dispersion compensator, according to an embodiment of the present 
Invention. 

FIG. 20 Is a graph illustrating patterns A to D of voltages V-, to applied to segments of the variable dispersion 
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compensator of FIG. 19, according to an embodiment of the present invention. 

FIG. 21 is a graph Illustrating dispersion values for the voltage patterns A to D in FIG. 20, according to an embod- 
iment of the present invention. 

FIG. 22 is a diagram illustrating a compensation amount controller, according to an embodiment of the present 

5 invention. 

FIG. 23 is a diagram illustrating a modification of the automatic dispersion equalization system of FIG. 1 3, according 
to an embodiment of the present invention. 

FIG. 24 is a diagram illustrating a detailed configuration of the automatic dispersion equalization system of FIG. 
13, according to an embodiment of the present invention. 
' 10 FIGS. 25(A), 25(B). 25(C), 25(D), 25(E), 25(F) and 25(G) are waveform diagrams for explaining the operation of 

the automatic dispersion equalization system of FIG. 24, according to an embodiment of the present invention. 
FIG. 26 is a diagram illustrating a modification of the automatic dispersion equalization system of FIG . 24, according 
to an embodiment of the present invention. 

FIG. 27 is a diagram illustrating an example of a dispersion equalization system, according to an embodiment of 
IS the present invention. 

FIG. 28 is a diagram illustrating a modification of the dispersion equalization system of FIG. 27, according to an 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

[0020] Reference will now be made in detail to the present preferred embodiments of the present invention, examples 
of which are illustrated in the accompanying drawings, wherein like reference numerals refer to like elements through- 
out. 

[0021] FIG. 1 is a diagram illustrating computer simulation results of the total-dispersion dependence of the intensity 

2S of a 40-GH2 component in the baseband spectrum of an OTDM signal with a data signal bit rate of 40 GHz. FIG. 2 is 
a diagram illustrating computer simulation results of the total-dispersion dependence of the intensity of a 40-GHz com- 
ponent in the baseband spectrum of an NRZ optical signal with a data signal bit rate of 40 GHz. FIG. 3 is a diagram 
illustrating computer simulation results of the total ^dispersion dependence of the intensity of a 40-GHz connponent in 
the baseband spectrum of an RZ optical signal (50% duty) with a data signal bit rate of 40 GHz. FIG. 4 is a diagram 

30 illustrating computer simulation results of the total-dispersion dependence of the intensity of a 40-GHz component in 
the baseband spectrum of an RZ optical signal (25% duty) with a data signal bit rate of 40 GHz. 
[0022] FIGS. 1 -4 also show an eye opening in the direction of amplitude. In FIGS. 1 -4. input light power was -5 dBm 
on average, and SMF length was 50 km. The amount of total dispersion was varied by varying the amount of dispersion 
in a DCF connected in series to the SMF. 

35 [0023] FIG. 5 is a diagram illustrating an optical modulator 10 that generates the 40-Gb/s OTDM signal according 
to an embodiment of the present invention. Referring now to FIG. 5, optical waveguides 14 are formed, for example, 
by thermally diffusing Ti into a LiNbOs substrate 12, on top of which an electrode pattern 16 (shown by hatching In 
FIG. 5) is formed, for example, using Au. Thus, the optical modulator 10 includes a one-input, two-output optical switch 
1 8, adata modulator 20 having two independent optical modulators, a phase controller 22, and an optical multiplexer 24. 

40 [0024] FIGS. 6(A): 6(B), 6(C), 6(D) and 6(E) are waveform diagrams indicating the operation of optical modulator 
10, according to an embodiment of the present invention. 

[0025] Referring now to FIGS. 5, 6(A), 6(B). 6(C), 6(D) and 6(E), when continuous light is input into the optical 
waveguides in the one-input, two-output switch 18= and 20-GHz clocks phase-shifted by ISO** are applied to the two 
electrodes, the 180' out-of-phase optical clock signals shown in FIGS. 6(A) and 6(8) are output from optical switch 

45 18. These signals are then input into the two optical modulators in data modulator 20. A 20-Gb/s data signal is applied 
to each of the two light modulators, and the RZ signals shown in FIGS. 6(C) and 6(D) are output from data modulator 
20. Phase controller 22 adjusts the phases of the light waves so that the phase difference between the two light waves 
is 1 80°, and these light waves are combined in optical multiplexer 24. Since the phase difference between the two light 
waves is 180"*. in portions where "1 "s appear successively, the tails cancel each other so that the waveform becomes 

so close to that of an RZ signal, as shown in FIG. 6(E). In other portions where at least one of adjacent bits is a "O", the 
waveform becomes close to that of an NRZ signal. 

[0026] In FIGS. 3 and 4, for the RZ signals represented by these figures, it is shown that the intensity of the 40-GHz 
component is the greatest when the amount of total dispersion is zero. 

[0027] By contrast, in FIG. 1, for the OTDM signal represented by this figure, it is shown that the intensity of the 
55 40-GHz component is at a minimum in the eye opening when the total dispersion amount is zero. Similarly, in FIG. 2, 
for the NRZ signal represented by the figure, it is shown that the intensity of the 40-GHz component is at a minimum 
in the eye opening when the total dispersion amount is zero. 

[0028] For reference purposes, the baseband spectra of optical modulated signals are shown in FIGS. 7 and 8 for 
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OTDM and NRZ, respectively. In the case of NRZ, there is no 40-GHz component, but it is presumed from a qualitative 
point of view that the 40-GHz component occurs because of the spectrum spreading after chromatic dispersion. 
[0029] Waveforms (equalized waveforms) after subjected to dispersions of -40. 0. and +40 ps/nm are shown in FIGS. 
9(A), 9(B) and 9(C), respectively, forOTDM. Similarly, waveforms (equalized waveforms) after subjected to dispersions 
s of -40, 0, and +40 ps/nm are shown in FIGS. 10(A), 10(B) and 10(C). respectively, for NRZ. As shown, for both OTDM 
and NFIZ, after dispersion (positive and negative) the "1 " level at the center of the waveform rises but the cross points 
lower, from which it can be seen that the variation of intensity occurs with a cycle equal to the length of one slot time, 
thus creating the 40-GHz component. 

[0030] Regarding point (i), above, it follows that when transmitting an optical signal whose bit rate is generally rep- 
10 resented by B b/s and whose B-hertz component is at a minimum at zero dispersion, the amount of total dispersion 
can be set to zero if the control point where the B-Hz component of the received optical signal is at a minimum in the 
eye opening can be detected by varying the control points of a variable dispersion device, such as the amount of 
dispersion compensation and the signal light wavelength. Besides the B-Hz component, other frequency components 
such as a harmonic of the B Hz can be used to perform similar control. 
IS [0031] Further, as is apparent from FIGS. 1 and 2, there are two maximum points, or highest peaks, at symmetrical 
positions on both sides of a minimum point in each of the OTDM and NRZ waveforms. Therefore, in cases where it is 
difficult to detect a minimum point, the amount of total dispersion can be set to zero by detecting the control points of 
the variable dispersion compensation device that provide the two maximum points and by taking the midpoint between 
them. 

20 [0032] Further, in the case of an OTDM signal modulated by an n m-bit/s data signal obtained by time-division mul- 
tiplexing n RZ signals each amplitude-modulated by an m-bit/s signal, an m-hertz component may be extracted and 
the total dispersion of the transmission line may be controlled so that the m-hertz component comes to a maximum. 
Such control can be performed instead of extracting an n m-hertz component and controlling the total dispersion of the 
transmission line so that the n m-hertz component comes to a minimum, as described above. The reason for this is 

25 that the m-bit/s RZ signals constituting the OTDM signal each contain an m-hertz component, and as can be seen from 
FIGS. 3 and 4, that component is at a maximum when the amount of total dispersion is zero. More specifically, in this 
case, the n m-hertz component or the m-hertz component is extracted, and the amount of total dispersion of the trans- 
mission line is controlled so that the n m-hertz component or the m-hertz component comes to a minimum or a maxi- 
mum, respectively. 

30 [0033] Therefore, according to embodiments of the present invention, and as will be seen in more detail below, the 
present invention provides a method and apparatus for controlling dispersion in a transmission line. More specifically, 
the intensity of a specific frequency component of an optical signal transmitted through the transmission line is detected. 
The optical signal has an intensity v. total dispersion characteristic curve with a corresponding eye opening. See, for 
example, FIGS. 1 and 2. The amount of total dispersion of the transmission line is controlled to substantially minimize 

35 the intensity of the specific frequency component in the eye opening. As a result, as illustrated, for example, in FIGS. 
1 and 2, the dispersion will be minimized by minimizing the intensity of the specific frequency component in the eye 
opening. 

[0034] In actual practice, it is very difficult to measure the eye opening, so it would be difficult to determine if the 
intensity of a specific frequency component was actually minimized in the eye opening. As a result^ the required control 

40 may be difficult to achieve. 

[0035] Therefore, referring, for example, to FIGS. 1 and 2, an optical signal such as an OTDM or an NRZ signal can 
be described as having an intensity v. total dispersion characteristic curve with at least two peaks. The amount of total 
dispersion of the transmission line can then be controlled to substantially minimize the intensity of the specific frequency 
component between the two highest peaks of the intensity v. total dispersion characteristic cun/e, as illustrated, for 

45 example, in FIGS. 1 and 2. 

[0036] Regarding the point (iii), above, a possible method is to vary the amount of total dispersion within a very small 
range at a low frequency fg around a minimum point (or maximum point), to constantly detect the point where the B- 
Hz component intensity is at a minimum (or maximum). The principle of this method is shown in FIGS. 11 and 12. 
[0037] More specifically, FIG. 11 is a diagram for explaining a case where the dispersion compensation amount is 

50 at a minimum in a method that changes the amount of total dispersion within a very small range at a low frequency Iq, 
according to an embodiment of the present invention. FIG. 1 2 is a diagram for explaining the case where the dispersion 
compensation amount deviates from the minimum,. according to an embodiment of the present invention. 
[0038] Referring now to FIG. 11 , when the amount of dispersion compensation is at a minimum point (or maximum 
point), the intensity of the B-Hz component varies with time at a frequency of 2 x f q and, therefore, does not contain 

55 the frequency f© component. 

[0039] From this condition, when the amount of dispersion compensation is shifted, as indicated by (b) or (c) in FIG. 
12, thefrequency fo component appears in the temporal change of the B-Hz component intensity, the component being 
opposite in sign between (b)and (c). Here, we consider detect in g the frequencyfo component from the B-Hz component 
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intensity and applying feedback in such a manner as to change the amount of total dispersion in the direction that 
eliminates the frequency component. The direction of the change can be determined from the phase of the frequency 
fo component. 

[0040] Furthermore, the amount of total dispersion can also be detected by using the characteristics shown in FIGS. 
5 1 to 4. That is, by detecting the intensity of a specific frequency component, the amount of total dispersion can be 

determined from the magnitude of the intensity as related to FIGS. 1 to 4. However since the intensity of a specific 

frequency component Is not in a one-to-one correspondence with the amount of total dispersion, the characteristics 

are measured by sweeping the control points of the variable dispersion device within a given range as necessary. 

[0041] The above-described dispersion equalization method and dispersion detection method can be applied not 
10 only to time-division multiplexing systems but also to wavelength-division multiplexing (WDM) systems. That is, the 

dispersion equalization method and dispersion detection method of the present invention can be applied for each 

component after demultiplexing different wavelength components. 

[0042] FIG. 13 is a diagram illustrating an automatic dispersion equalization system, according to an embodiment 
of the present invention. Referring now to FIG. 13, an optical signal of bit rate B b/s from an optical transmitter 30 is 

1S transmitted through an optical transmission line (SMF) 32 and Is input into an optical receiver 36 via a variable dispersion 
compensator 34. A portion of the optical signal input to optical receiver 36 is separated by an optical coupler 38 and 
converted by a photodetector 40 into an electrical signal. From the output of photodetector 40, a B-Hz component Is 
extracted by a band-pass filter 42 whose center frequency is B Hz, and the intensity of that component Is detected by 
an intensity detector 44. A compensation amount controller 46 controls the compensation amount In the variable dis- 

20 persion compensator 34 in a direction that brings the B-Hz component to a maximum for an RZ signal or in a direction 
that brings the B-Hz component to a minimum for an OTDM or an NRZ waveform. Here, the variable dispersion com- 
pensator 34 is located at the receiving end, but the same control can be performed if it is placed at some other location, 
for example, at the transmitting end or in a linear repeater. Further, in the case of an OTDM signal multiplexing n m- 
b/s RZ signals, the m-hertz component may be brought to a maximum instead of bringing the mn-hertz component to 

2S a minimum. 

[0043] FIG., 14 is a diagram illustrating a specific example of optical transmitter 30 in FIG. 13, according to an em- 
bodiment of the present invention. Referring now to FIG. 14, In optical transmitter 30, OTDM modulator 10 of FIG. 5 

is used as an optical modulator for generating an optical signal. 

[0044] In this example, two 10-Gb/s data signals input in parallel are converted by a parallel/serial converter 70 to 
30 obtain one 20-Gb/s NRZ signal This 20-Gb/s NRZ signal is input to a driver 72 to obtain a 20-Gb/s drive signal for 
driving an optical modulator 20. The output (20-Gb/s RZ optical signal) of each optical modulator 20 is phase-adjusted 
by a phase adjuster 22 (the phase is shifted so that the phase difference of the light becomes ISO**), after which the 
thus adjusted signals are combined together by an optical multiplexer 24 (optical coupler) to obtain a 40-Gb/s optical 
signal of NRZ format, which is then sent out on a transmission line via an optical post -amplifier 74. A more detailed 
35 circuit diagram of an optical transmitter according to an embodiment of the present invention is shown in FIG. 16. 

[0045] FIG. 1 5 is a diagram illustrating a specific example of optical receiver 36 in FIG. 13, according to an embod- 
iment of the present invention. Referring now to FIG. 1 5, the 40-Gb/s optical signal Is input Into an optical DEMUX 78 
via the variable dispersion compensator 34, optical preamplifier 76, and beam splitter 38. 

[0046] A polarization-independent optical DEMUX shown in FIG. 17 can be used as optical DEMUX 78. More spe- 

40 cifically, FIG. 17 shows a structural diagram of the polarization-independent optical DEMUX 78, according to an em- 
bodiment of the present invention. Polarization independence is required of the optical DEMUX placed at the receiving 
end. For that purpose, the 40-Gb/s OTDM signal input after transmission through the fiber Is first split, according to 
polarization, into TE and TM components by a crossed-waveguide polarization splitter 80 at the first stage. Here, 
crossing length is optimized so that a polarization extinction ratio of 20 dB or more can be obtained. Next, using a 1x2 

45 switch 84 which is driven by a 20-GHz sinusoidal signal, each mode Is optical time-division demultiplexed into 20-Gb/ 
s optical RZ signals. At this time, the two outputs of each 1x2 switch are In a complementary relationship to each other. 
However, generally, In an LN switch (modulator), modulation efficiency is greater for the TM mode than for the TE 
mode. Therefore, in the illustrated device, the TE mode light after polarization splitting is converted by a half-wave 
plate 82 into TM mode light which is then subjected to optical demultiplexing. At the final stage, the same bit sequences 

50 are combined together using two polarization beam combiners. Here, if the beams of the same TM mode were combined 
together, beam interference would occur, as in the case of the previously described OTDM modulator. Therefore, the 
1 x2 switch 84 where the TE/TM mode conversion is not performed is followed by a half-wave plate 88 which performs 
TM/TE mode conversion, and thereafter, powers of cross polarization components are combined. 
[0047] Referring again to FIG. 15, the two 20-Gb/s optical RZ signals obtained from optical DEMUX 78 are each 

ss input to a photodiode 90 for conversion into an electrical signal, which is then amplified by a preamplifier 92 and 
waveshaped by an equalizing amplifier 94. The waveshaped signal is then reconstructed by a serial^jarallel converter 
96 into the original 10-Gb/s NRZ data. After that, the data is reproduced by a 10-Gb/s discriminator (not illustrated). A 
more detailed circuit diagram of optical receiver 36, up to the optical demultiplexing section, is shown, for example, in 
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FIG. 18. 

[0048] FIG. 1 9 is a diagram illustrating an exanr^ple of a variable dispersion compensator, according to an embodiment 
of the present invention. See also. M. M. Ohm et al.. "Tunable fiber grating dispersion using a piezoelectric stack. OFC 
*87 Technical Digest. WJ3, pp. 155-156. which is incorporated herein by reference. 
s [0049] FIG. 20 is a graph illustrating patterns A to D of voltages to applied to segments 0I the variable dis- 
persion compensator in FIG. 19, according to an embodiment of the present invention. Moreover, FIG. 21 is a graph 
illustrating dispersion values for the voltage patterns A to D in FIG. 20, according to an embodiment of the present 
invention. 

[0050] Referring now to FIGS. 19, 20 and 21, a piezoelectric element 92 is attached to each of twenty-one (21) 
10 segments of a chirped fiber grating 90 (see FIG. 19). When voltages to Vgi, with a gradient as shown in FIG. 20. 
are applied to the piezoelectric elements, the pressure being applied in the longitudinal direction of the grating 90 
changes, and for the voltage patterns A to D shown in FIG. 20, the dispersion values (slopes of the lines) change as 
shown in FIG, 21. 

[0051] FIG. 22 is a diagram illustrating an example of compensation amount controller 46 (see FIG. 13), according 
to an embodiment of the present invention. Referring now to FIG. 22, the Intensity value of the 40-Gb/s frequency 
component is A/D converted by an A/D converter 94 and input as a digital signal to an MRU 96. MRU 96 compares 
the present intensity value Ic with the previously received intensity value Ip stored in a memory 98, and checks to 
determine whether the relationship between the present dispersion amount and the Intensity of the 40-Gb/s is on the 
X slope or Y slope in FIG. 2. That is, when it is on the X slope, the amount of dispersion will tend to zero (Z point) If 

20 the dispersion amount of the variable dispersion compensator 34 is reduced. When it is on the Y slope, the amount of 
dispersion will tend to zero if the dispersion amount of the variable dispersion compensator 34 is increased. Therefore, 
when Ic > Ip, it is assumed that the relationship is on the X slope, and to control the voltages applied to the variable 
dispersion compensator 34 of FIG. 19, such values of to that cause the dispersion amount to decrease are 
obtained, and the voltages to be applied to the respective piezoelectric elements are output via a D/A converter 100. 

2B Conversely, when Ic ( Ip, it is assumed that the relationship is on the Y slope, and such values of V-, to V21 that cause 
the dispersion amount to increase are obtained to control the voltages applied to the variable dispersion compensator 
34 of FIG. 19. 

[0052] Here, to obtain the values of to Vg^, the data shown in FIGS. 20 and 21 (the data representing the rela- 
tionship between the dispersion amount and the to Vg^) and the data shown in FIG. 2 (the data representing the 

30 relationship between the intensity of the 40-GHz component and the amount of total dispersion) are stored in memory 
in advance. Then, it is determined whether the relationship is on the X slope or Y slope in FIG. 2. and the present 
dispersion amount Ic is obtained from the data shown in FIG. 2. Next, a dispersion amount Ic' necessary for compen- 
sation in the variable dispersion compensator 34 in order to reduce the amount of dispersion to zero at Z point is 
determined from the present dispersion amount Ic. That is, Ic' is determined so that Ic + Ic' = 0. 

3S [0053] Once Ic' is determined In this way, the to V2-1 to be applied to variable dispersion compensator 34 in order 
to obtain Ic* are determined based on the data shown in FIGS. 20 and 21 . 

[0054] FIG. 23 is a diagram Illustrating a modification of the system in FIG. 1 3, according to an embodiment of the 
present invention. Referring now to FIG. 23, variable dispersion compensator 34 in the system of FIG. 1 3 is replaced 
by a variable wavelength light source 48, and the amount of chromatic dispersion of the optical transmission line 32 
40 is controlled by controlling signal light wavelength using a signal light wavelength controller 50. 

[0055] FIG. 24 is a diagram illustrating another example of the system of FIG. 13, according to an embodiment of 
the present invention. Referring now to FIG. 13, an oscillator 52 generates a sine wave of low frequency fQ. The low 
frequency signal generated by oscillator 52 is superimposed in a low-frequency superimposing circuit 54 onto a com- 
pensation amount setting signal from a dispersion compensation amount setting circuit 56, and the resulting signal is 
45 supplied to variable dispersion compensator 34. The intensity of the B-Hz component output from band-pass filter 42 
is detected by an intensity detector 58 (for example, a square-law detector), and from the detector output, the fQ com- 
ponent is extracted by a band-pass filter 60. The phase of the fo component extracted by band-pass fitter 60 is compared 
In a phase comparison circuit 62 with the phase of the low frequency signal output from oscillator 52. Based on the 
result of the comparison from phase comparison circuit 62, dispersion compensation amount setting circuit 56 gener- 
ic ates and outputs the compensation amount setting signal. Intensity detector 58 is implemented, for example, using a 
multiplier, or a mixer, or a conventional power detector. Phase comparison circuit 62 is implemented, for example, 
using a multiplier, or a mixer, or a full-wave rectifier, and a low-pass filter. 

[0056] FIGS. 25(A), 25(B), 25(C), 25(D). 25(E), 25(F) and 25(G) are waveform diagrams for explaining the operation 
of the system of FIG. 24, according to an embodiment of the present invention. More specifically. FIGS. 25(A), 25(B), 
ss 25(G), 25(D), 25(E), 25(F) and 25(G) are waveform diagrams showing signal waveforms at the points indicated by (a), 
(b), (c). (d), (e), (f) and (g), respectively, in FIG. 24. 

[0057] When the dispersion compensation amount is shifted from the optimum value into the positive side, as shown 
in FIG. 25(A), the output of the low-frequency superimposing circuit 54 will be as shown in FIG. 25(B). When the 
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dispersion compensation amount is shifted from the optimum value into the positive side, in the case of NR2 or OTDM. 
the B-Hz component intensity increases as the dispersion compensation amount increases (see FIGS. 1 . 2. and 12), 
so that the amplitude of the B-Hz component extracted by the band-pass filter 42 changes at the frequency fo, as shown 
in FIG. 25(C). 

s [0058] When the intensity of that component is detected (see FIG. 25(D)), and the to component is extracted (see 
FIG. 25(E)), the resulting signal is in phase with the low frequency signal (see FIG. 25(F)) output from oscillator 52. 
Hence, phase comparison circuit 62 outputs a positive signal (see FIG. 25(G)). 

[0059] The dispersion compensation amount is brought closer to the optimum value by applying feedback control to 
the positive output signal in such a manner as to lower the dispersion compensation amount control signal (see FIG. 
10 25(A)) output from dispersion compensation amount setting circuit 56. When the dispersion compensation amount is 
lower than the optimum value, the output of band-pass filter 60 is opposite in phase with respect to the output of 
oscillator 52. and a negative voltage Is output from phase comparison circuit 62. 

[0060] Therefore, by applying feedback control to the negative output signal in such a manner as to increase the 
dispersion compensation amount signal, the dispersion compensation amount is caused to change toward the optimum 
15 value. In the case of an RZ signal, the direction of change of the dispersion compensation amount should be reversed 
from that described above. 

[0061] FIG. 26 is a diagram illustrating a modification of the system of FIG. 24, according to an embodiment of the 
present invention. As in the modification of FIG. 13 shown in FIG. 23, FIG. 26 is the same as FIG. 24 except that control 
of the dispersion compensation amount by variable dispersion compensator 34 is replaced by control of the wavelength 
20 by variable wavelength light source 48. 

[0062] However, this method requires that the detection signal obtained from the phase comparison at the receiving 
end be transmitted to the transmitting end. This can be done, for example, by separately providing a low-speed line 
or by carrying information in a signal transmitted in the opposite direction. 

[0063] FIG. 27 is a diagram illustrating an additional example of a dispersion equalization system, according to an 
2S additional embodiment of the present invention. The previous examples assumed a case where dispersion value control 
is performed while allowing the system to remain in service. By contrast, in FIG . 27, it is assumed that control is applied 
when starting the system or when restarting the system in the event that automatic dispersion equalization control has 
shifted significantly from the optimum point, or where dispersion amount optimization is performed by intentionally 
interrupting the system operation. 
30 [0064] The dispersion compensation amount of variable dispersion compensator 34 is swept over a wide range, and 
while this is being done, the change of the B-Hz component is detected from the output of intensity detector 44. As 
previously described, the amount of total dispersion can be detected by comparing the intensity characteristic of the 
B-Hz component with the characteristics shown in FIGS. 1 to 4. In the case of an RZ signal, the dispersion compensation 
amount with which the B-Hz component is at a maximum is recorded, and after sweeping the compensation annount, 
35 the dispersion compensation amount is set to the recorded value before starting the system operation. In the case of 
an OTDM or NR2 waveform, two dispersion compensation amounts with which the B-Hz component is at a maximum, 
for example, are recorded, and after sweeping the compensation amount, the dispersion compensation amount is set 
to the midpoint between the two values. 

[0065] FIG. 28 is a diagram illustrating a modification of the system of FIG. 27, according to an embodiment of the 
40 present invention. This modification is the same as that shown in FIG. 27. except that the sweeping and setting of 
variable dispersion compensator 34 in FIG. 27 is replaced by the waveform sweeping and setting of variable wavelength 
light source 48. 

[0066] Therefore, according to embodiments of the present invention, a method and apparatus is provided for con- 
trolling dispersion in an optical fiber transmission line. More specifically, the intensity of a specific frequency component 
45 of an optical signal transmitted through the transmission line is detected. The optical signal has an intensity v total 
dispersion characteristic curve with a corresponding eye opening. The amount of total dispersion of the transmission 
line is controlled to substantially minimize the intensity of the specific frequency component in the eye opening. As a 
result, the total dispersion will be minimized as indicated, for example, by FIGS. 1 and 2. 

[0067] Moreover, according to embodiments of the present invention, various types of optical signals as transmitted 
so through a transmission line can be described as having an Intensity v total dispersion characteristic cun/e with at least 
two peaks. The amount of total dispersion of the transmission line can then be controlled to substantially minimize the 
intensity of the specific frequency component between the two highest peaks of the intensity v total dispersion char- 
acteristic curve, as illustrated: for example, in FIGS. 1 and 2. 

[0068] While is it preferable to minimize the intensity of the specific frequency component in the eye opening, in 
55 some circumstances it may be appropriate to simply cause the intensity to be inside the eye opening. For example, in 
some systems, the total dispersion corresponding to the intensity being inside the eye opening would be considered 
to be relatively low. Therefore, referring to FIGS. 1 and 2. the total dispersion can be controlled to simply maintain the 
intensity along a point on the intensity v total dispersion characteristic curve which is inside the eye opening. 
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[0069] Therefore, according to embodiments of the present invention , the intensity of a specific frequency component 
of an optical signal transmitted through the transmission line is detected. The optical signal has an Intensity v. total 
dispersion characteristic curve with a corresponding, overlapping eye opening. The amount of dispersion of the trans- 
mission line is controlled to maintain the intensity of the specific frequency component along a point on the intensity 
5 V. total dispersion characteristic cun/e which is within the eye opening. 

[0070] Further, instead of controlling the dispersion to control the intensity of a specific frequency component, the 
intensity of the specific frequency component can simply be directly controlled. For example, the intensity can be 
controlled to substantially minimize the detected intensity in the eye opening. 

[0071] Moreover, as previously described, it is often difficult to measure the eye opening. Therefore, the intensity of 
10 the specific frequency component can be controlled to substantially minimize the detected intensity between the two 
highest peaks of the intensity v total dispersion characteristic curve. 

[0072] As described above, according to embodiments of the present invention, It becomes possible to monitor and 
control transmission line dispersion for optical signals, such as NRZ and OTDM waveforms, whose clock component 
is at a minimum at zero dispersion, and transmission line dispersion can be controlled without interrupting system 
IS operation. 

[0073] Therefore, according to embodiments of the present invention, transmission line dispersion is controlled for 
an optical signal whose clock component intensity does not become the greatest at zero dispersion, as in an NRZ 
signal or in an OTDM signal where a plurality of RZ signals are time-division multiplexed with their tails overlapping 
each other. 

20 [0074] Therefore, according to embodiments of the present invention, chromatic dispersion is controlled in a trans- 
mission line transmitting an optical signal modulated by a data signal. More specifically, the intensity of a specific 
frequency component is detected from the optical signal transmitted through the transmission line. The amount of total 
dispersion of the transmission line is controlled so that the Intensity of the detected specific frequency component 
becomes a minimum in the eye opening. 

2S [0075] In addition, according to embodiments of the present invention, an apparatus and method are provided for 
detecting an amount of dispersion In a transmission line transmitting an optical signal modulated by a data signal. More 
specifically, the intensity of a specific frequency component is detected from the optical signal transmitted through the 
transmission line. The amount of total dispersion of the transmission line Is detemnlned from the Intensity of the detected 
specific frequency component 

30 [0076] Further, according to embodiments of the present invention, a tinne-dlvlsion multiplexed optical signal, mod- 
ulated by an n m-bit/second data signal obtained by time-division multiplexing n optical signals each amplitude-mod- 
ulated by an m-bit/second data signal, is transmitted through the optical fiber transmission line. An n m-hertz or an m- 
hertz frequency component is extracted from the time-division multiplexed optical signal received from the optical fiber 
transmission line. Dispersion in the optical fiber transmission line is made variable so that the extracted n m-hertz or 

35 m-hertz frequency component exhibits a minimum value or a maximum value, respectively 

[0077] According to embodiments of the present invention, the intensity of a specific frequency component is ■sub- 
stantially" minimized. It Is preferable to set the intensity at the actual minimum value. However, in practice. It Is often 
difficult to completely minimize the intensity of a specific frequency component. Therefore, in most situations, the in- 
tensity of the specific frequency component could be considered to be substantially minimized If it is greater than or 

40 equal to the minimum intensity and less than or equal to 120% of the minimum intensity. Preferably, the intensity should 
be controlled to be greater than or equal to the minimum intensity and less than or equal to 110% of the minimum 
Intensity. 

[0078] Although a few preferred embodiments of the present invention have been shown and described, it would be 
appreciated by those skilled in the art that changes may be made In these embodiments without departing from the 
45 principles and spirit of the invention, the scope of which Is defined In the claims and their equivalents. 



Claims 

50 1. A method for controlling dispersion in a transmission line (32), Including the steps of: 

detecting the intensity of a specific frequency component of an optical signal transmitted through the trans- 
mission line, the optical signal having an Intensity v. total dispersion characteristic curve with at least two 
peaks; and 

55 controlling the amount of total dispersion of the transmission line substantially to minimize the intensity of the 

specific frequency component between the two highest peaks of the Intensity v. total dispersion characteristic 
curve of the optical signal. 
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2. A method as in claim 1 , wherein the step of controlling involves: 

controlling the amount of total dispersion of the transmission line by controlling a dispersion value of a variable 
dispersion compensator (34) so as to affect the dispersion of the transmission line. 

5 

3. A method as in claim 2, wherein the step of controlling further involves: 

applying a control signal to the variable dispersion compensator (34); 
superimposing a low-frequency signal on the control signal; 
10 extracting a frequency component at the same frequency as the low-frequency signal from the detected specific 

frequency component; 

comparing the phase of the extracted frequency component with the phase of the low-frequency signal; and 
generating, on the basis of the result of the phase comparison, the control signal for controlling the amount of 
total dispersion. 

IS 

4. A method as in claim 1 , wherein the transmission line includes a light source (48) having a variable wavelength 
tor varying the wavelength of the optical signal, and the step of controlling comprises: 

controlling the amount of total dispersion of the transmission line by controlling the variable wavelength of the 
20 light source. 

5. A method as in any preceding claim, wherein the step of controlling involves continuously controlling the amount 
of total dispersion on the basis of the intensity of the detected specific frequency component. 

2S 6. A method as in any preceding claim, wherein the intensity of the specific frequency component is minimised at a 
midpoint between the two highest peaks of the intensity v. total dispersion characteristic curve of the optical signal. 

7. A method as in claim 6, wherein the step of controlling involves: 

30 sweeping the amount of total dispersion; and 

finding a control point for the amount of total dispersion from the intensity of the specific frequency component 
being detected during the sweeping. 



8. A method for controlling dispersion in a transmission line, including the steps of: 



35 



controlling the amount of total dispersion of the transmission in accordance with a control signal; 
superimposing a low-frequency signal on the control signal; 

detecting the intensity of a specific frequency component of an optical signal transmitted through the trans- 
mission line; 

40 extracting a frequency component at the same frequency as the low-frequency signal from the detected specific 

frequency component; 

comparing the phase of the extracted frequency component with the phase of the low-frequency signal; and 
generating, on the basis of the result of the phase comparison, the control signal for controlling the amount of 
total dispersion. 



45 



9. A method for determining dispersion, comprising the steps of: 



delecting the intensity of a specific f requency component of an optical signal transmitted through a transmission 
line; and 

so determining the amount of total dispersion of the transmission line from the intensity of the detected specific 

frequency component. 

10. A method for controlling dispersion, including the steps of: 

55 transmitting a time-division multiplexed optical signal, modulated by an m-bit/second data signal obtained by 

time-division multiplexing n optical signals each amplitude-modulated by an m-bit/second data signal, through 
an optical fiber transmission line, the time-division multiplexed optical signal having an intensity v. total dis- 
persion characteristic curve with at least two peaks; and 
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performing one of the following steps (a) and (b) : 



# 



(a) detecting an nm-hertz frequency component from the tinne-division multiplexed optical signal after 
transmission through the optical fiber transmission line, and controlling the amount of total dispersion of 

5 the optical fiber transmission line to substantially minimise the intensity of the detected n m-hertz frequency 

component between the two highest peaks of the intensity v. total dispersion characteristic curve of the 
time-division multiplexed optical signal, and 

(b) detecting an m-hertz frequency component from the time-division multiplexed optical signal after trans- 
mission through the optical fiber transmission line, and then controlling the amount of total dispersion of 

10 the optical fiber transmission line to maximize the intensity of the detected m-hertz frequency component. 

11. A method for controlling dispersion in a transmission line, comprising the steps of: 

detecting the intensity of a specific frequency component of an optical signal transmitted through the trans- 
75 mission line, the optical signal having an intensity v. total dispersion characteristic curve with a corresponding 

eye opening; and 

controlling the amount of total dispersion of the transmission line to substantially minimize the intensity of the 
specific frequency component in the eye opening. 

20 12. A method for controlling dispersion in a transmission line, comprising the steps of: 

detecting the intensity of a specific frequency component of an optical signal transmitted through the trans- 
mission line, the optical signal having an intensity v. total dispersion characteristic curve with a corresponding 
eye opening; and 

2S controlling the intensity of the specific frequency component to substantially minimise the detected intensity 

of the specific frequency component In the eye opening. 

13. A method for controlling dispersion in a transmission line, including the steps of: 

30 detecting the intensity of a specific frequency component of an optical signal transmitted through the trans- 

mission line, the optical signal having an intensity v total dispersion characteristic curve with a corresponding, 
overlapping eye opening; and 

controlling the amount of total dispersion of the transmission line to maintain the intensity of the specific fre- 
quency component along a point on the intensity v total dispersion characteristic curve which is within the eye 
35 opening. 

14. A method as in any preceding claim, wherein the optical signal is a non-return-to-zero signal. 

15. A method as in any of claims 1 to 13, wherein the optical signal is an optical time-division multiplexed signal in 
40 which a plurality of return-to-zero signals are multiplexed, the plurality of retum-to-zero signals having lightwave 

phases and data signal phases different from each other and having tails overlapping each other. 

16. A method as in any preceding claim, wherein the optical signal Is modulated by a data signal having a bit rate of 
B bits/second, and the specific frequency component is a B hertz component of the optical signal. 



45 



50 



17. A method as in any preceding claim, wherein the intensity of the specific frequency component is substantially 
minimised by being between 100% and 110% of the minimum intensity, inclusive. 

18. An apparatus for controlling dispersion in a transmission line (32), including: 



an optical detector (44) for detecting the intensity of a specific frequency component of an optical signal trans- 
mitted through the transmission line, the optical signal having an intensity v. total dispersion characteristic 

curve with at least two peaks; and 

a controller (46, 50, 56) for controlling the amount of total dispersion of the transmission line to substantially 
55 minimise the intensity of the specific frequency component between the two highest peaks of the intensity v 

total dispersion characteristic curv/e of the optical signal. 

19. An apparatus as in claim 18, wherein the transmission line includes a variable dispersion compensator (34) having 
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a controllable dispersion value, and the controller controls the annount of total dispersion of the transmission line 
by controlling the dispersion value of the variable dispersion connpensator 

20. An apparatus as In claim 19, wherein the controller includes: 

5 

the variable dispersion compensator (34); 

a low-frequency superimposing circuit (54) superimposing a low-frequency signal on the control signal; 
an extraction circuit (60) extracting a frequency component at the same frequency as the low-frequency signal 
from the detected specific frequency component; 
10 a phase comparator (62) comparing the phase of the extracted frequency component with the phase of the 

low-frequency signal; and 

a control signal generator generating, on the basis of the result of the phase comparison, the control signal 
for controlling the amount of total dispersion. 

An apparatus as in claim 20 and further including: 

a detector detecting the intensity of a specific frequency component of an optical signal transmitted through 
the transmission line. 

An apparatus as in claim 1 8. wherein the transmission line includes a light source (48) having a variable wavelength 
for varying the wavelength of the optical signal, and the controller controls the amount of total dispersion of the 
transmission line by controlling the variable wavelength of the light source. 

An apparatus as in any of claims 1 8 to 22, wherein the controller continuously controls the amount of total dispersion 
on the basis of the intensity of the detected specific frequency component. 

An apparatus as in any of claims 1 8 to 23, wherein the intensity of the specific frequency component is minimised 
at the midpoint between the two highest peaks of the intensity v. total dispersion characteristic curve of the optical 

signal. 

An apparatus comprising: 

a detector (40-44) detecting the Intensity of a specific frequency component of an optical signal transmitted 
through a transmission line; and 
35 a dispersion-determining device (34, 48) determining the amount of total dispersion of the transmission line 

from the intensity of the detected specific frequency component. 

26. An apparatus comprising: 

40 a transmitter for transmitting a time-division multiplexed optical signal, modulated by an m-bit/second data 

signal obtained by time-division multiplexing n optical signals each amplitude-modulated by an m-bit/second 
data signal, through an optical fiber transmission line, the time-division multiplexed optical signal having an 
intensity v. total dispersion characteristic curve with at least two peaks; and 
a controller for performing one of the following operations (a) and (b): 

45 

(a) detecting an n m-hertz frequency component from the time-division multiplexed optical signal after 
transmission through the optical fiber transmission line, and controlling the amount of total dispersion of 
the optical fiber transmission line to substantially minimise the intensity of the detected nm-hertz frequency 
component between the two highest peaks of the intensity v total dispersion characteristic curve of the 

so time-division multiplexed optical signal, and 

(b) detecting an m-hertz frequency component from the time-division multiplexed optical signal after trans- 
mission through the optical fiber transmission line, and then controlling the amount of total dispersion of 
the optical fiber transmissk>n line to maximise the intensity of the detected m-hertz frequency component. 

ss 27. An apparatus for controlling dispersion in a transmission line, including: 

a detector for detecting the intensity of a specific frequency component of an optical signal transmitted through 
the transmission line, the optical signal having an intensity v. total dispersion characteristic curve with a cor- 
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responding eye opening; and 

a controller for controlling the annount of total dispersion of the transnnission line to substantially minimize the 
intensity of the specific frequency component in the eye opening. 

s 28. An apparatus for controlling dispersion in a transmission line, including: 

a detector for detecting the intensity of a specific frequency component of an optical signal transmitted through 
the transmission line, the optical signal having an intensity v. total dispersion characteristic curve with a cor- 
responding eye opening; and 

10 a controller for controlling the intensity of the specific frequency component to substantially minimize the de- 

tected intensity of the specific frequency component in the eye opening. 

29. An apparatus for controlling dispersion in a transmission line, including: 

IS a detector for detecting the intensity of a specific frequency component of an optical signal transmitted through 

the transmission line, the optical signal having an intensity v. total dispersion characteristic curve with a cor- 
responding, overlapping eye opening; and 

a controller for controlling the amount of total dispersion of the transmission line to maintain the intensity of 
the specific frequency component along a point on the intensity v. total dispersion characteristic curve which 
20 is within the eye opening. 

30. An apparatus as in any of claims 18 to 29, wherein the optical signal is a non-retum-to-zero signal. 

31. An apparatus as in any of claims 18 to 29, wherein the optical signal is an optical time-division multiplexed signal 
25 in which a plurality of return-to-zero signals are multiplexed, the plurality of ret urn -to-zero signals having lightwave 

phases and data signal phases different from each other and having tails overlapping each other. 

32. An apparatus as in any of claims 18 to 31, wherein the optical signal is modulated by a data signal having a bit 
rate of B bits/second, and the specific frequency component is a B hertz component of the optical signal. 

30 

33. An apparatus as in any of claims 1 8 to 32. wherein the intensity of the specific frequency component is substantially 
minimised by being between 100% and 110% of the minimum intensity, inclusive. 
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